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Introduction
The tremendous improvement in life expectancy of patients born
with a heart defect has prompted health-care institutions and indi-
vidual health-care providers to develop facilities that specifically
care for these patients as they grow older. The importance of
specific adult congenital heart disease (ACHD) programmes is cor-
roborated by European and North American guidelines for the
management of ACHD patients.1,2 Hence, an increasing number
of structured and unstructured programmes for adults with conge-
nital heart disease have been established worldwide.3,4 Several
reports, however, indicate that the number of available cardiolo-
gists and post-graduate medical fellows who are receiving special-
ized training in congenital heart disease is not meeting the
estimated workforce requirements to care for the vast amount
of affected patients.5 –7
International recommendations state that one ACHD specialist
centre is needed for every 5–10 million inhabitants.1,8
This means that for the European population of 730 million
(http://esa.un.org/unpp/), 70–140 centres would be needed.
A recent North American report, however, suggested that one
centre per 2 million inhabitants can more realistically meet the
needs of ACHD patients.9 For Europe, this translates to 365
ACHD centres.
In addition to the number of ACHD programmes, the structure
of such programmes is also important.3,10 Therefore, the European
Society of Cardiology (ESC) Working Group on Grown-up Con-
genital Heart Disease surveyed European ACHD programmes to
assess their staffing, clinical activities, available equipment, training,
and supportive services. This article reports on the results of this
survey.
Methods
Participating centres
We conducted a descriptive, cross-sectional survey of specialized
ACHD centres in Europe. Fifty-six potential participating centres
were identified through the ESC Working Group on Grown-up Con-
genital Heart Disease. We invited these centres to participate in our
survey by sending an email to the respective head of the ACHD pro-
gramme. These centres were asked to add ACHD programmes that
were missing in the initial list. Fourteen programmes were added,
resulting in a study population of 70 centres.
Overall, 53 centres voluntarily participated in our survey, yielding a
response rate of 76%. For the analyses, only specialist ACHD pro-
grammes were included. To determine specialist centres, we relied
on the definition of the Euro Heart Survey on Adult Congenital
Heart Disease.10 Specialist centres are those complying with the fol-
lowing criteria: (i) must offer paediatric cardiology or congenital
cardiac surgery; (ii) must have on-staff at least one cardiologist dedi-
cated to ACHD; and (iii) must have more than 200 ACHD patients
under regular follow-up care.10 Three of the 53 centres (5.7%) did
not fulfil the requirements for specialist centres and were therefore
debarred from the analyses. The 50 specialist centres originated
from 18 countries (Figure 1). The UK, Germany, and Sweden were
highly represented. The first programme was established in 1964.
This was a combined paediatric cardiology/heart surgery/ACHD pro-
gramme. The first dedicated ACHD programmes were founded in
the mid-1970s. An exponential growth in programmes was observed
in the 1990s (Figure 2). Forty-seven programmes (94%) were located
in a university hospital.
Measurements
We devised a specific questionnaire for this survey. This questionnaire,
which comprised 53 items, was based on a survey form that was used
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Figure 1 Geographic distribution of the 50 adult congenital heart disease programmes.
Figure 2 Number of adult congenital heart disease programmes established annually.
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previously by the ESC Working Group on Grown-up Congenital Heart
Disease. The requested information referred to the 2006 data. Com-
pleting the questionnaire required 15 min. Confidentiality of infor-
mation on the patient population, clinical activity, and equipment was
guaranteed. Since the survey pertained to ACHD programmes and
no patients were involved, our study was considered to be a service
evaluation. Therefore, ethical review by an institutional review board
was not required.
Data analysis
Data were analysed with SPSS statistical software version 12.0 (SPSS
Inc., Chicago, IL, USA). Nominal-level data were expressed as percen-
tages. Medians and quartiles (Q1–Q3) were calculated for continuous,
non-normally distributed variables. Spearman’s r was calculated as cor-
relation coefficients.
Results
Staff
In 94% of the participating centres, ACHD cardiologists were avail-
able (Table 1). Eighty-six per cent of the centres had on-staff one
or more paediatric cardiologists; 86% had congenital heart sur-
geons and 68% had specialized ACHD nurses. A median of two
ACHD cardiologists, paediatric cardiologists, and congenital heart
surgeons were employed by the centres. A median of one nurse
specialist was employed (Table 1).
Clinical activity
A median of 1500 patients was in active follow-up across centres
(Table 2). Overall, the participating centres had 100 000 patients
in active follow-up. The ACHD programmes had a median of 4
outpatient clinic days per week, during which they cared for a
median of 26 patients per week. The median overall number of
outpatient visits and hospital admissions was 800 and 130 per
year, respectively. The median number of diagnostic catheter pro-
cedures, interventional catheter procedures, and cardiosurgical
operations was equally distributed. The peri-operative mortality
of ACHD patients was estimated to be about 1%. The centres’
number of years in operation was positively correlated with the
overall number of outpatient visits per year (r ¼ 0.367, P ¼ 0.013).
Figure 3 shows a scatter plot of the time spent by ACHD cardiol-
ogists vs. the number of outpatient visits per week. This scatter plot
revealed that wide variability is present in the time devoted to ACHD
care by ACHD cardiologists. The diagonal line in the plot represents
the median proportion of overall time spent on ACHD care vs. the
number of outpatient visits per week (1 h/outpatient visit).
Equipment available
Table 3 lists the centres’ equipment, instruments important for the
diagnosis and follow-up of congenital heart defects. All centres had
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Table 1 Staff of the 50 adult congenital heart disease
programmes
Number of
centres that
employ this
professional, n (%)
Number of
professionals in the
centre, median
(Q1–Q3)
ACHD cardiologists 47 (94) 2 (2–3)
Paediatric cardiologists 43 (86) 2 (1–4)
Cardiovascular
surgeons dedicated
to ACHD surgery
43 (86) 2 (1–2.75)
Nurse specialists 34 (68) 1 (0–2)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Table 2 Clinical activity in the 50 adult congenital
heart disease programmes
Median
(Q1–Q3)
Number of ACHD patients in active follow-up 1500 (800–2900)
Number of outpatient clinic days per week 4 (2–5)
Number of patients per week 26 (15–45)
Number of hours per week (on average) spent
on ACHD care by ACHD cardiologists
30 (16.5–47.5)
Number of ACHD patients seen at the
outpatient clinic per year
800 (480–1314)
Number of hospital admissions per year 130 (67.5–245)
Number of diagnostic catheter procedures per
year
31 (15–72.5)
Number of interventional catheter procedures
per year
45 (19–84)
Number of cardiosurgical procedures per year 35 (14–55)
Percentage of peri-operative mortality 1 (0–2.5)
Figure 3 Scatter plot of time spent on adult congenital heart
disease care by adult congenital heart disease cardiologists vs.
the number of outpatients per week.
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cardiac catheterization and computer tomography available. Elec-
trophysiology, magnetic resonance imaging, and nuclear cardiology
were present in 98, 96, and 92% of the centres, respectively
(Table 3).
Training in adult congenital heart disease
Thirty-four per cent of the ACHD programmes had formally
trained fellows in ACHD, with each centre training a median of
2.5 fellows (Table 4). Training for adult cardiologists, paediatric car-
diologists, or residents was often provided, either on a regular or
rotating basis. Training for medical students and visiting physicians
was elective (Table 4).
Supportive services available
Table 5 lists the auxiliary services available at the centres. All but
one centre had cardiac anaesthesia present. Most centres also pro-
vided care with respect to obstetrics, contraception, genetics,
cardiac rehabilitation, and psychosocial counselling and social
work. Heart transplantation and lung transplantation were less fre-
quently available. If a particular service was not available in a
centre, patients were referred to other hospitals.
Discussion
The significant growth in the number of ACHD patients has multi-
plied the number of ACHD programmes established in Europe.
Although the first programmes were established four decades ago,
in the majority of centres, dedicated ACHD programmes were
founded only in the 1990s. In the present study, we surveyed the
structural elements and activities of ACHD programmes in Europe.
We found that existing ACHD programmes had a median of
1500 patients in active follow-up and a median of 800 outpatient
visits per year. A broad range in clinical activity was observed,
however, confirming the heterogeneity of caseloads in ACHD pro-
grammes. Heterogeneity was also found in the time spent on
ACHD care per week. The time spent on ACHD care did not cor-
relate well with the number of outpatients per week. Indeed, our
survey revealed that in some centres, cardiologists spent a rela-
tively limited time on ACHD care as a function of outpatient case-
load. We also found, however, that in some cases, cardiologists
spent a lot of time on ACHD care, even though they saw a
limited number of patients at the outpatient clinic per week. The
median time spent per patient (diagonal line in Figure 3) was 1 h.
This figure might help individual centres to benchmark and to
optimize efficiency or balance workload, if needed. Furthermore,
it can be used in manpower planning, because the estimated
number of outpatient visits per year can be used to estimate the
overall number of man hours per year for ACHD care.
Seventy-one per cent of the centres in Europe were included in
this survey. Altogether, these centres have 100 000 patients in
active follow-up. Extrapolating from this figure, we estimate that
there are about 130 000 patients in follow-up in all European
ACHD programmes. This number is alarmingly low. On the basis
of extrapolations by Marelli et al.,9 we can estimate that there are
about 3.2 adult patients per 1000 inhabitants. For a population of
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Table 4 Training provided by the 50 adult congenital
heart disease programmes
n (%)
Has your institution ever formally trained fellows in ACHD?
Yes 17 (34)
If yes, the number of fellows trained to date? 2.5 (2–7.75)a
Does your ACHD programme provide training for adult cardiologists/
internal medicine doctors?
Yes 17 (34)
Rotating system 25 (50)
Elective 0 (0)
No 5 (10)
Unknown 3 (6)
Does your ACHD programme provide training for paediatric
cardiologists?
Yes 14 (28)
Rotating system 15 (30)
Elective 2 (4)
No 16 (32)
Unknown 3 (6)
Does your ACHD programme provide training for residents?
Yes 30 (60)
Rotating system 4 (8)
Elective 1 (2)
No 13 (26)
Unknown 2 (4)
Does your ACHD programme provide training for medical students?
Yes 16 (32)
Rotating system 2 (4)
Elective 18 (36)
No 13 (26)
Unknown 1 (2)
Does your ACHD programme provide training for visiting physicians?
Yes 13 (26)
Rotating system 0 (0)
Elective 25 (50)
No 9 (18)
Unknown 3 (6)
aMedian (Q1–Q3).
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Table 3 Equipment available in the 50 adult
congenital heart disease programmes
n (%)
Cardiac catheterization 50 (100)
Electrophysiology 49 (98)
Magnetic resonance imaging 48 (96)
Computer tomography 50 (100)
Nuclear cardiology 46 (92)
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568 million persons who are living in the countries in which we have
identified one or more ACHD centres, the number of adults with
congenital heart disease can be estimated to be about 1.8 million.
This would mean that only 7.1% of adult Europeans with congenital
heart disease are currently receiving specialized ACHD care.
Comparison with the literature
To date, only a few surveys on the structure and clinical activities
of ACHD programmes have been published. One survey described
the organizational setup, workload, and patient characteristics of
five major ACHD programmes in North America and one in
Europe.11 This survey included the six largest ACHD centres
identified at that time and used data collected from 1998 to
2001. The results of this survey are therefore not representative
of all ACHD programmes in North America or Europe.
A more general survey was conducted in the USA by the Adult
Congenital Heart Association (ACHA).12 The investigators tar-
geted paediatric cardiology programmes (n ¼ 48), ACHD pro-
grammes (n ¼ 174), university hospitals (n ¼ 125), and other
major clinics in the USA. Fifty-five centres responded; these had
32 460 patients in active follow-up. The ACHA survey revealed
that the number of patients followed increases with centre age.12
Hence, older programmes follow 4.2-fold more patients than do
newer programmes,12 which is in line with the observations of
our study.
As part of the Euro Heart Survey on ACHD,13,14 the delivery of
care for adult patients with congenital heart disease in Europe was
investigated.10 This study specifically addressed the caseload of
health-care professionals, the type of professionals involved, and
the extent to which the recommendations are followed to
provide optimal care.10 The number of centres that employed
ACHD cardiologists, paediatric cardiologists, and congenital heart
surgeons in the Euro Heart Survey was, to a large extent, compar-
able to the results of the present study.10 This is hardly surprising,
since many of the 48 specialist centres that participated in the Euro
Heart Survey also partook in the present survey. However, in
terms of the involvement of nurse specialists, a big difference
emerges. In the Euro Heart Survey, 42% of the specialist centres
had nurse specialists on staff. In the present study, 68% of the
centres employed nurse specialists. This increase reflects an
ongoing evolution in Europe: an increasing number of ACHD
programmes are recruiting dedicated nurse specialists. By doing
so, centres are meeting international recommendations, which
state that ‘an ACHD referral centre must employ at least one
nurse specialist that is trained and educated in the care of
ACHD patients’.1,8,15– 17 Furthermore, centres are improving
their structure in order to provide optimal care.10 Indeed, the
role that nurses play in ACHD patient care is expanding;18,19
nurses are performing interventions that contribute to better
follow-up and fewer complications.20 Furthermore, they play an
essential role in the implementation of transition programmes,
which prepare adolescents with congenital heart disease for the
transfer to adult-focused care.21,22
Very recently, a survey on care facilities for ACHD patients in
Japan was published.23 The investigators sent the survey to 1033
training institutions in Japan, obtaining a response rate of 44%. In
this survey, they explored outpatient services, in-hospital services,
cardiac surgery activities, management of pregnancy in ACHD
women, and adherence to guidelines of the Japanese Circulation
Society.23 However, since this survey explored the provision of
care to ACHD patients in both specialist and non-specialist hospi-
tals, the results cannot be compared with ours.
Methodological issues
On the basis of the existing network of the ESC Working Group
on Grown-up Congenital Heart Disease and our communication
with individual providers from different countries, we were able
to identify 70 ACHD programmes. Fifty-one programmes were
included in the analyses, indicating that the results of this survey
concern about three-quarters of the European ACHD pro-
grammes. The non-participating centres represented both large
and small programmes. Therefore, we believe that our sample is
representative of all centres in Europe and that the study findings
can be generalized. In this respect, the current study expands the
findings of the Euro Heart Survey.10
In the present study, we included data from centres in Israel,
which actually belong to Asia. Since Israel is a member of the
ESC, we did not debar this country from the study.
With respect to clinical activities, we requested information on
the number of active patients, outpatient visits per week, hours
spent to ACHD care per week, admissions per year, and pro-
cedures per year. A few centres could give accurate data,
whereas the majority of the participating centres provided
approximations.
The present study was conducted at the end of 2007 and the
start of 2008. The data reported by the participating programmes
pertained to data collected in 2006 or 2007. Since ACHD patients
constitute a rapidly growing population, the figures of today will
probably be different from those of the past 2–3 years.
Some questions were not uniformly interpreted by the respon-
dents. For instance, we did not a priori define the requirements to
be considered as an ACHD cardiologist or a nurse specialist. In a
few cases, this led to aberrant responses. Because of such outliers,
we did not report ranges of values in this article, but limited our
report to medians and quartiles. These measures of central ten-
dency and dispersion are less subject to outliers.
In this survey, we investigated the structure of ACHD pro-
grammes in Europe, which did not allow us to draw conclusions
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Table 5 Supportive services available in the 50 adult
congenital heart disease programmes
n (%)
Obstetrics 42 (84)
Contraceptive services 41 (82)
Cardiac anaesthesia 49 (98)
Heart transplantation 29 (58)
Lung transplantation 18 (36)
Genetics 40 (80)
Cardiac rehabilitation 39 (78)
Psychosocial counselling/social work 43 (86)
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about processes or outcomes of care. In addition, aspects such as
grand rounds, clinical seminars, case discussions, and collaborative
research programmes are known to contribute to high-quality
care. We did, however, not study these issues in the present
survey. Future studies should link structural and organizational
elements to mortality and morbidity data.
Conclusion
We investigated the structural elements and activities of ACHD
programmes in Europe. We were able to include a representative
sample of ACHD programmes. The existing ACHD programmes in
Europe are estimated to have only 7.1% of the afflicted patients in
active follow-up. Staffing and available equipment was relatively
equal for all European programmes. In terms of clinical activity,
training, and supportive services, more variability across the
centres was observed. The data of this study can help individual
centres to benchmark and to either optimize efficiency or
balance workload for ACHD health-care providers. Important
avenues for future developments in ACHD are to establish
formal training for ACHD cardiologists, to increase the number
of ACHD programmes, to take sufficient nurse specialists on
staff to provide psychosocial and transitional care, and to reduce
unnecessary variability in time spent on ACHD care. Health-care
institutions, universities, professional organizations, and policy
makers should take this up to further improve the care for afflicted
patients.
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